Objective With increasing use electronic health records (EHR) in the USA, we looked at the predictive values of the International Classification of Diseases, 9th revision (ICD-9) coding system for surveillance of chronic hepatitis B virus (HBV) infection. Materials and Methods The chronic HBV cohort from the Chronic Hepatitis Cohort Study was created based on electronic health records (EHR) of adult patients who accessed services from 2006 to 2008 from four healthcare systems in the USA. Using the gold standard of abstractor review to confirm HBV cases, we calculated the sensitivity, specificity, positive and negative predictive values using one qualifying ICD-9 code versus using two qualifying ICD-9 codes separated by 6 months or greater. Results Of 1 652 055 adult patients, 2202 (0.1%) were confirmed as having chronic HBV. Use of one ICD-9 code had a sensitivity of 83.9%, positive predictive value of 61.0%, and specificity and negative predictive values greater than 99%. Use of two hepatitis B-specific ICD-9 codes resulted in a sensitivity of 58.4% and a positive predictive value of 89.9%. Discussion Use of one or two hepatitis B ICD-9 codes can identify cases with chronic HBV infection with varying sensitivity and positive predictive values. Conclusions As the USA increases the use of EHR, surveillance using ICD-9 codes may be reliable to determine the burden of chronic HBV infection and would be useful to improve reporting by state and local health departments.
ABSTRACT
Objective With increasing use electronic health records (EHR) in the USA, we looked at the predictive values of the International Classification of Diseases, 9th revision (ICD-9) coding system for surveillance of chronic hepatitis B virus (HBV) infection.
Materials and Methods
The chronic HBV cohort from the Chronic Hepatitis Cohort Study was created based on electronic health records (EHR) of adult patients who accessed services from 2006 to 2008 from four healthcare systems in the USA. Using the gold standard of abstractor review to confirm HBV cases, we calculated the sensitivity, specificity, positive and negative predictive values using one qualifying ICD-9 code versus using two qualifying ICD-9 codes separated by 6 months or greater. Results Of 1 652 055 adult patients, 2202 (0.1%) were confirmed as having chronic HBV. Use of one ICD-9 code had a sensitivity of 83.9%, positive predictive value of 61.0%, and specificity and negative predictive values greater than 99%. Use of two hepatitis B-specific ICD-9 codes resulted in a sensitivity of 58.4% and a positive predictive value of 89.9%. Discussion Use of one or two hepatitis B ICD-9 codes can identify cases with chronic HBV infection with varying sensitivity and positive predictive values. Conclusions As the USA increases the use of EHR, surveillance using ICD-9 codes may be reliable to determine the burden of chronic HBV infection and would be useful to improve reporting by state and local health departments.
BACKGROUND AND SIGNIFICANCE
In the USA, 800 000-1.4 million people are chronically infected with hepatitis B virus (HBV); these persons are at increased risk of chronic liver disease and its sequelae. 1 2 Current national viral hepatitis surveillance is a mostly passive laboratory-initiated reporting system to state or local health departments. Clinicians and healthcare facilities are also mandated to report chronic HBV, but there is considerable variability by states. As of 2009, 38 state and local health departments report chronic HBV infection in the National Notifiable Disease Surveillance System (NNDSS).
3 National-level surveillance using the National Health and Nutrition Examination Survey (NHANES), estimates chronic HBV infection at 0.28%; however, this nationally representative random survey of approximately 5000 US residents per year, excludes incarcerated and homeless individuals, which is one of its limitations. 2 Given this limitation, a derived estimate of the national prevalence of chronic HBV infection has shown a range of 0.3-0.5% based on inclusion of the foreign-born, institutionalized, and the US civilian population. 4 Active surveillance of chronic hepatitis B by health departments can be expensive and labor intensive. As the USA moves towards the use of electronic health records (EHR), use of the International Classification of Diseases, 9th revision (ICD-9) for surveillance has been proposed. Currently, 48% of hospitals and 20% of physicians have implemented EHR. 5 Use of the ICD-9 coding system has been used in healthcare facilities for reimbursement as well as research purposes, but its usefulness has varied depending on the health condition being evaluated and the reimbursement rate. [6] [7] [8] [9] [10] [11] With the increasing availability of EHR data, understanding which diseases can use the ICD-9 code for surveillance will be critical.
Health conditions that require input of multiple ICD-9 codes have been shown to have lower sensitivity when compared to conditions that utilize a single diagnosis. 12 For example, use of ICD-9 codes for evaluation of sepsis may better identify the clinical syndrome when multiple codes are included compared to the use of one code. 13 For infectious diseases, such as Clostridium difficile, studies suggest that the ICD-9 code has good sensitivity and specificity and may be able to be used for surveillance when compared to the toxin assay. 14 15 Other infectious diseases such as salmonellosis, shigellosis, and pertussis, which have a simple case definition and only require input of one code, have higher positive predictive values when using the ICD-9 codes. 10 Chronic HBV infection may be similar to these infectious diseases, as it does not require multiple ICD-9 codes to identify the infection. Previous data regarding surveillance of hepatitis B have been limited to acute HBV infection or a sample of those with hepatitis C infection or alcoholic liver disease with varying levels of accuracy. 7 16 Although costly, previous researchers have suggested the use of the ICD-9 coding system with other clinical or laboratory data to improve its utility as a surveillance tool. [17] [18] [19] The Centers for Disease Control and Prevention Chronic Hepatitis Cohort Study (CHeCS) is a prospective cohort study with information on over 1.6 million patient records within four large diverse health systems: Geisinger Health System (GHS), Danville, PA; Henry Ford Health System (HFHS), Detroit, MI; Kaiser Permanente-Northwest, Portland, OR; and Kaiser Permanente-Honolulu, Hawaii. We used data from this study to assess chronic HBV infection. Inclusion criteria required a hepatitis B ICD-9 code or supportive laboratory data with case confirmation by manual abstractor review of the medical record.
Our goal was to measure the performance of the ICD-9 codes for surveillance of chronic HBV infection. We examined the sensitivity, specificity, and positive and negative predictive values for using one or more hepatitis B ICD-9 codes from these four sites and confirmed all cases of chronic HBV infection through abstractor review.
MATERIALS AND METHODS Cohort enrollment
The methods for CHeCS have been summarized in a previous report. 20 Briefly, the initial cohort was created based on electronic and medical billing EHR of patients aged 18 years or older who had a service provided between 1 January 2006 and 31 December 2008 at one of four sites: GHS, Danville, PA; HFHS, Detroit, MI; Kaiser Permanente-Northwest, Portland, OR; and Kaiser Permanente-Honolulu, Hawaii. For this analysis, electronic medical record and billing data were collected for each patient and supplemented with individual chart review. Data collected included patient demographics, medical encounters, and laboratory results.
The catchment area for each of the four health systems, selected for their representation of minority populations, is fairly comprehensive. GHS provides healthcare services to approximately half the residents for the 44 counties in Pennsylvania that it serves. 21 HFHS serves more than one million southeast Michigan residents and is one of the three largest providers of healthcare services in southeastern Michigan. Kaiser Permanente-Honolulu, Hawaii, is the health plan for one-sixth of Hawaiian residents. 22 23 Finally, Kaiser Permanente-Northwest serves over 476 000 members and represents approximately 17% of the area's population. Each of the four health systems is one of if not the main source of care for its residents.
Algorithms for inclusion in the chronic HBV cohort were developed and applied to the EHR data of patients. The goal was to capture the greatest number of verifiable chronic HBV cases from the raw observational data while excluding those with a single unconfirmed diagnosis or laboratory evidence that might be due to acute disease, error, or lack of necessary work-up. Complete observation time for each patient was determined as the date of the first indication of hepatitis infection in the EHR including retrospective data before 1 January 2006, until the date of either the last health system encounter or 31 December 2008. Electronic data from 2006-8 were reviewed to determine enrollment candidacy, and data from candidate patients were reviewed from their earliest health system encounter to 2008 to determine cohort eligibility.
Patients were included in the chronic HBV cohort based on fulfillment of a combination of laboratory and ICD-9-based criteria. Qualifying hepatitis B ICD-9 codes included: chronic (070. 22 For inclusion in the cohort, patients had to fulfill the following criteria: two positive laboratory tests consistent with HBV infection; a positive laboratory test and an ICD-9 diagnosis code; or two ICD-9 diagnosis codes obtained at least 6 months apart. Patients in all phases of chronic HBV infection (immune-tolerant, immune-active, and inactive or 'immune carrier') were included.
Each of the four sites utilized five to 12 research abstractors who were either registered nurses or registered health information technologists for abstractor review. All of the abstractors received five classroom hours of instruction regarding the study protocol, utilized a detailed abstraction manual and standardized web-based data collection forms provided by the data coordinating center (DCC), and attended biweekly meetings led by the DCC to discuss quality control issues. Regular quality assurance reports that check for invalid, inconsistent, or missing content were generated and distributed by the DCC, and queries remained outstanding until resolved. The data manager from each site did a 5% double review, in which the data collected independently by two abstractors was compared for accuracy, and discussed findings with the individual abstractor at the biweekly meetings. Interrater reliability statistics were not calculated at each site.
During this process, abstractors flagged charts for case review that lacked sufficient documentation that the patient had been diagnosed with chronic hepatitis B or had documentation that the patient had been diagnosed with acute hepatitis or that chronic hepatitis had been ruled out. Flagged charts were subsequently reviewed by the project coordinator and/or a clinician for case confirmation, using detailed hepatologist-developed criteria provided by the coordinating center. Flagged cases for which chronic viral hepatitis infection could not be confirmed were excluded from this study.
Demographic and clinical data regarding patients who had only one ICD-9 code but did not meet inclusion criteria were not available for analysis.
Statistical analysis
We examined data by age, gender, race, and site for cases with and without an ICD-9 code. For the purpose of this analysis, true positives are those cases that were included in the chronic hepatitis B cohort after final abstractor review. For all cases in the HBV cohort, we calculated sensitivity, specificity, positive and negative predictive values using one qualifying ICD-9 code versus using two qualifying ICD-9 codes separated by 6 months or greater. We also examined the frequencies of acute and chronic ICD-9 codes for all confirmed cases. The Levene test was used to evaluate homogeneity of variance between the groups with and without an ICD-9 code using SAS software, V.9.3.
RESULTS
Of the 1 652 055 adult patients in the four participating health systems who had one or more services provided between 1 January 2006 and 31 December 2008, 3029 (0.02%) had a qualifying primary or secondary ICD-9 diagnosis. Of the 3029 patients with at least one ICD-9 code, 1847 were true positives and 1182 were false positives, resulting in a positive predictive value equal to 61.0% (1847/3029) (table 1). The specificity, ie, the ability of one ICD-9 to exclude those who were not HBV cases, was over 99.9% (1 648 671/1 649 853), and the ability of one ICD-9 code designation to identify correctly those who did not have HBV, the negative predictive value, was almost 100% (1 648 671/1 649 026).
A total of 2202 (72.7%) met one of the inclusion criteria and were included in the cohort after abstractor review of the medical record and confirmation as true chronic cases. Of the 2202 confirmed cases, 1847 (83.9%) had at least one ICD-9 code, and 355 (16.1%) had no ICD-9 code during the study period, resulting in a sensitivity of 83.9% (1847/2202) (table 1) . Approximately 39% of all codes were acute, although after abstractor review, were determined to be true chronic cases.
Of the 2202 confirmed cases, over half were aged 30-50 years and over 30% were Asian. Using the Levene test for equality of variance, there was significant heterogeneity of variance between those with and without an ICD-9 code ( p<0.01) among patients who were aged 29 years or younger (table 2) . For all confirmed cases, the mean length of time since diagnosis was 4.6 years (range 2 days to 14 years). Sensitivity varied slightly when the four geographically diverse healthcare systems were compared (range 75-92%).
The sensitivity, specificity, positive predictive value, and negative predictive value of the use of two ICD-9 codes separated by 6 months to identify HBV cases was also assessed. Of the 1432 individuals with two qualifying ICD-9 codes, 1287 (89.9%) were true positives, and 145 (10.1%) were not considered positive, resulting in a positive predictive value equal to 89.9% (1287/1432). The specificity was over 99.9% (1 649 708/ 1 649 853), and the negative predictive value was 99.9% (1 649 708/1 650 623). For the 1287 true positives with two hepatitis B-specific ICD-9 codes separated by 6 months, sensitivity was 58.4% (1287/2202) (table 3).
DISCUSSION
Our data indicate that among these four large integrated healthcare organizations, the use of one hepatitis B-specific ICD-9 code was reliable for predicting the proportion of individuals with and without chronic HBV; sensitivity was 84% and specificity was greater than 99%. However, its ability to categorize correctly those who are labeled as positive ( positive predictive value) was only 61%. In comparison, use of two ICD-9 codes separated by 6 months decreased the likelihood of capturing all positives (sensitivity) to 58%, but did increase the likelihood of accurately labeling those who were true positives (positive predictive value) to 90%. For surveillance of chronic HBV infection in the USA, with use of EHR, this represents a less laborintensive while still reliable measure for health departments to capture the burden of disease compared to laboratory-based disease reporting.
There were a number of limitations to this study. The overall prevalence of chronic hepatitis B in our cohort was 0.1%, which is lower than previous derived estimates of 0.3-0.5%; 4 this difference may reflect the proportion of infected patients who have not yet been tested, diagnosed, and engaged in healthcare. Recent estimates from the CHeCS study population suggest that 21% of probable HBV have not been tested and diagnosed, which is a limitation of any surveillance system, whether ICD-9 or laboratory based. 24 In particular, individuals at two of the four sites (Kaiser Permanente-Northwest and Kaiser Permanente-Honolulu, Hawaii) had to be members of those healthcare systems, thus representing individuals with access to care and health insurance. 20 Although it is possible (28) 142 (40) Henry Ford Health System, Detroit, Michigan 497 (27) 109 (31) Geisinger Health System, Danville, Pennsylvania 125 (7) 42 (12) *p<0.05, Levene test for equality of variance. HBV, hepatitis B virus; ICD-9, International Classification of Diseases, 9th revision. that the 1.6 million individuals who accessed services from these four healthcare systems may not reflect the general US population, they were selected to be geographically diverse, and Asian and Hawaiian/Pacific Islanders were over-sampled as they are a sizeable proportion of chronic cases of HBV infection in the USA. In addition, there was heterogeneity of variance of younger cohort individuals with and without an ICD-9 code; younger persons with HBV infection may not be considered to be chronically infected and thus may reflect varied provider practice in documentation. In our cohort, 0.1% of individuals in the populations served by these four healthcare organizations ultimately met the inclusion criteria for having chronic HBV. As noted previously, NHANES has been used for surveillance estimates. 2 While NHANES may capture the burden of disease within the population because it accounts for individuals who are not tested, our estimates are useful as they describe how well the ICD-9 code captures individuals with chronic HBV infection who have been tested and accessed healthcare services. Our study is also unique because we have data on the entire cohort, which adds validity to our analysis.
Concern about the use of the ICD-9 coding system for research purposes, particularly with data accuracy and completeness of coding, has been well documented.
11 17 25 Previous research has shown that up to 40% of cases of reported acute hepatitis B may represent chronic infection and that the presence of an ICD-9 code for acute hepatitis B is unlikely to indicate acute infection. 16 26 From our study, we demonstrated that ICD-9 codes for acute hepatitis B can be used for chronic disease even if the reverse is not true, 25 26 because reviewers abstracted the medical records of all potential cases to determine the true chronic HBV cohort cases.
CONCLUSION
Using EHR, we conducted the gold standard-including the use of laboratory data, ICD-9 codes and abstractor review-to determine true chronic HBV cases. [17] [18] [19] The high sensitivity and moderate positive predictive value of the use of one ICD-9 code to identify chronic hepatitis B will be useful for conducting surveillance particularly with increasing use of EHR data. As the USA moves towards EHR, knowing whether ICD-9 codes can be used for the disease of interest, such as chronic HBV, will be essential for health departments and policymakers to know when allocating resources in their data collection efforts.
An area of considerable interest is the use of EHR and the future ICD-10 codes. There will be almost five times the ICD-10 codes with greater specificity and detail useful for public health and future surveillance efforts. 27 With this more complicated coding system, flexibility and training will be required for medical personnel who code the data. Our data would not be likely to change as chronic HBV coding does not have the additional detail or use advanced medical technologies for its diagnosis; however, as a quality improvement measure, it would be valuable to track data before and after implementation of the ICD-10 system. Currently, the USA is the only industrialized country not using the ICD-10 system. 28 As chronic HBV is a global public health issue, transition to the ICD-10 will allow us to generate surveillance data domestically and compare it to information internationally.
